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The function of JAK-STAT signaling 
in the central nervous system has 
been widely studied in the context of 
neural cell development and differentia- 
tion and in neuronal and glial responses 
to CNS injury. A study published 
recently in Neuron by Nicolas et al. now 
demonstrates that the JAK2-STAT3 
pathway also plays an important role in 
the regulation of synaptic transmission. 
By using a combination of biochemical, 
pharmacological and genetic approaches 
they show that induction of long-term 
depression (LTD), an activity-dependent 
rapid and long-lasting decrease in 
synaptic strength, via NMDA receptors 
depends on STAT3 activation by JAK2 
that can be localized specifically to 
postsynaptic structures. Most interest- 
ingly, they find that induction of LTD 
requires STAT3 phosphorylation and 
dimerization but is independent of 
nuclear translocation and transcriptional 
activity of STAT3. Although it remains 
to be clarified how NMDA receptor- 
mediated postsynaptic processes lead to 
JAK2-STAT3 activation and how this in 
turn translates into persistent changes in 
synaptic strength, these results provide 
evidence for a novel mechanism of signal 
transduction. 

The paper published recently in Neuron by 
Nicolas et al.' is remarkable in that it 
provides new insights in two separate fields 
of research. It advances the understanding 
of the mechanisms underlying long-term 
depression (LTD), a neurophysiological 
phenomenon that is thought to be 
associated with learning and memory, by 
demonstrating that its expression depends 



on JAK2-STAT3 signaling and, parti- 
cularly interesting for the reader of this 
journal, it provides evidence for a novel 
nucleus-independent JAK-STAT signaling 
mechanism. Long-term potentation (LTP) 
and LTD are the two major forms of 
synaptic plasticity, activity-dependent 
long-lasting modifications that lead to 
increased or decreased synaptic transmis- 
sion, respectively.^ The most widely 
studied form of LTD depends on the 
activation of the NMDA-type of glutam- 
ate receptors (NMDA-LTD) and is 
observed at glutamatergic synapses in the 
CAl region of the hippocampus.^ The 
classical protocol for inducing LTD 
involves prolonged low-frequency stimu- 
lation (0.5-3 Hz; 5-30 min) of CAl 
afferents in acute hippocampal slices. This 
results in a decrease of postsynaptic 
responses that can last for several hours. 
In the case of NMDAR-LTD, the decrease 
in synaptic strength is triggered by Ca^* 
influx into the postsynaptic neuron 
through activated NMDA receptors.'* 
Intracellular Ca^* binds to calmodulin to 
activate a serine/threonine phosphatase 
signaling cascade involving activation of 
calcineurin (protein phosphatase 2B) that 
dephosphorylates inhibitor 1 to activate 
protein phosphatase 1.^ These inductive 
processes rapidly lead to removal of AMPA 
receptors, another type of glutamate 
receptors, from the postsynaptic mem- 
brane. The decrease in postsynaptic 
sensitivity to glutamate due to AMPA 
receptor endocytosis is thought to be the 
predominant mechanism of NMDAR- 
LTD expression. How the activation of 
Ca^*-dependent phosphatases is linked to 
the expression of LTD at the postsynaptic 
membrane is not clear, so far.'' 
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Like in other organ systems, the 
function of JAK-STAT signaling in the 
central nervous system has been described 
almost exclusively as mediating the effects 
of cytokines, growth factors and neuro- 
trophic proteins in the context of long- 
term processes like the survival and 
differentiation of neurons and glial cells 
and the regulation of cell responses to 
CNS lesions as well as in neurodegenera- 
tive diseases.'''" The study by Nicolas 
et al.^ now provides evidence that activa- 
tion of the JAK2-STAT3 signaling path- 
way is essential in the rapid induction of 
LTD at hippocampal synapses. By phar- 
macological inhibition and shRNA knock- 
down, they show that JAK2 activity is 
required for the induction of NMDAR- 
LTD in hippocampal slices. Inhibition of 
JAK2 has no effect on the expression of 
NMDAR-LTP nor does it interfere with 
the induction of other forms of synaptic 
plasticity. Interestingly, JAK2 can be 
shown to be prominently expressed in 
dendritic spines, the postsynaptic elements 
of the principal CAl neurons. In the 
postsynaptic cell, JAK2 becomes phos- 
phorylated following low frequency stimu- 
lation and this activation is mediated 
specifically by NMDAR, depends on the 
presence of Ca^* and is prevented by 
blocking the serine/threonine phosphatases 
PPl and PP2B. Again by using a battery 
of pharmacological tools and shRNA 
approaches, Nicolas et al' identify STAT3 
as the JAK2 substrate that is phosphorylated 
by low-frequency stimulation via NMDAR 
activation and is required for the induction 
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